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Description

[0001] Electrical and/or electronic circuits operate us-
ing a power source. Some power sources provide direct
current (DC) electricity in the form of DC current and/or
DC voltage. An associated issue with such electrical
and/or electronic circuits may be lower power operation
modes and/or well-defined power initiation sequences.
Low power operation modes may assist manufacturers
in complying with regulations designed to result in lower
power consumption. Such regulations continue to lower
the power consumption standards for electronics, com-
puter equipment, computers, monitors and/or peripher-
als, such as printers, appliances, and the like. Meeting
these regulations can cause difficulty with attaining de-
sign objectives, such as cost, complexity, and size.

[0002] Subject matter is particularly pointed out and
distinctly claimed in the concluding portion of the speci-
fication. The claimed subject matter, however, both as
to organization and method of operation, together with
objects, features, and advantages thereof, may best be
understood by reference of the following detailed descrip-
tion when read with the accompanying drawings in which:

FIG. 1 is a schematic diagram illustrating one em-
bodiment of an integrated circuit;

FIG. 2 is a flow chart illustrating an embodiment of
a power management system state machine;

FIG. 3 is a schematic diagram illustrating an embod-
iment of a charge pump;

FIG. 4 is a schematic diagram illustrating an embod-
iment of a DC-DC voltage regulator;

FIG. 5 is a schematic diagram illustrating another
embodiment of a DC-DC voltage regulator;

FIG. 6 is a schematic diagram illustrating an embod-
iment of an H-bridge and DC motor;

FIG. 7 is a schematic diagram illustrating an embod-
iment of a system that includes an embodiment of a
power-consuming device, such as a computer pe-
ripheral.

[0003] In the following detailed description, numerous
specific details are set forth to provide a thorough under-
standing of the claimed subject matter. However, it will
be understood by those skilled in the art that the claimed
subject matter may be practiced without these specific
details. In other instances, methods, procedures, com-
ponents and/or circuits that would be understood by one
of ordinary skill have not been described in detail so as
not to obscure the described embodiments of claimed
subject matter.

[0004] Reference throughout this specification to "one
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embodiment" and/or "an embodiment" means that a par-
ticular feature, structure, and/or characteristic described
may be included in at least one embodiment. Thus, the
appearance of the phrases "in one embodiment" or "in
an embodiment" in various places throughout this spec-
ification typically do not refer to one particular embodi-
mentor the same embodiment. Furthermore, various fea-
tures, structures, and/or characteristics described
through out this specification may be combined in any
suitable manner in one or more embodiments.

[0005] FIG. 1 is a schematic diagram illustrating an
embodiment 100 of a power management system of an
integrated circuit (IC), although claimed subject matter
is not limited in scope to this particular embodiment. For
example, alternative embodiments may or may not be
embodied in or on one or even more than one IC. This
particular embodiment, however, includes an IC that in-
corporates switching power devices, such as, for this em-
bodiment, switching motor drive circuits, such as 110,
115 and 120, and switching voltage regulators, such as
125, 130 and 135. Embodiment 100 also includes a
charge pump 145 and a clock oscillator 140. Embodiment
100 may further include a startup controller 150, a state
machine, such as a power management system state
machine 155, and a supervisor circuit 160. The state ma-
chine may be implemented in a variety of ways including
but not limited to an application specific integrated circuit,
a component of an application specific integrated circuit,
and/or a computing device executing instructions that
may be stored in any variety of storage media, to name
but a few examples. It should be noted that claimed sub-
ject matter is not limited to specific implementations of
the state machine. In this context, a switching power de-
vice refers to a circuit or component of a circuit that reg-
ulates and/or modulates power wherein an aspect of that
regulation and/or modulation relates to signals that
switch or change between distinct electrical levels, such
as current levels and/or voltage levels, for example.
[0006] Although claimed subject matter is not limited
in scope in this respect, embodiment 100 includes volt-
age regulators that comprise DC-DC voltage regulators.
In this embodiment, for example, 32 volts DC (not shown)
is to be applied to embodiment 100, whereas switching
voltage regulator 125 comprises a 3.3 volt switching reg-
ulator. Likewise, in this particular embodiment, auxiliary
regulators 130 and 135 also comprise DC-DC voltage
regulators, although other regulators may alternatively
be employed, such as AC-DC or AC-AC regulators, for
example, depending on the particular application in-
volved. In this embodiment, regulators 130 and 135 may
be employed to produce a higher or lower output voltage
level other than 3.3 volts DC, if desired. It is noted, there-
fore, that these voltage values are merely

examples and are not intended in any way to limit the
scope of claimed subject matter. Thus, switching voltage
regulators may provide any desired voltage level or a
plurality of voltage levels. Likewise, a host of potential
architectures are available for switching regulators, in-
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cluding, without limitation, buck converters, regulators
that employ feedback, push-pull voltage regulators, and
the like.

[0007] Although claimed subject matter is not limited
in scope in this respect, startup controller 150 may com-
prise a circuit or circuit component that may regulate a
startup sequence for embodiment 100. Startup controller
150 may comprise a separate circuit or may be included
as component of a larger circuit as shown in embodiment
100, for example. Itis noted however that claimed subject
matter is not limited to a particular embodiment of startup
controller 150. Likewise, alternative embodiments may
or may not be embodied in or on one or even more than
one IC.

[0008] Embodiment 100 may be initiated by an exter-
nal event, e.g., an event that may be initiated outside of
embodiment 100, such as a user pressing an "on" button
on an apparatus in which embodiment 100 is employed,
for example, although of course claimed subject matter
is not limited in scope in that respect In this context an
external event may be any event that originates outside
of embodiment 100, such as, but in no way limited to the
examples provided above and below, for example. Initi-
ating embodiment 100 may resultin a system supply volt-
age, such as 32 volts DC for example, and an initiation
supply voltage, such as an analog biasing voltage, to be
applied to startup controller 150. At a time in which the
system supply voltage and the initiation supply voltage
both exceed an activation threshold, such as an under-
voltage lockout (UVLO) threshold, startup controller 150
may generate an output signal that may be supplied to
charge pump 145. Charge pump 145 may therefore be
initiated by the output signal of startup controller 150 in
this embodiment. Charge pump 145 may then generate
an output signal, or signals, to be applied to one and/or
more of voltage regulators 125, 130, and 135, for exam-
ple, though claimed subject matter is not limited in this
respect.

[0009] Supervisor circuit 160 may monitor input sig-
nals, input ports, output signals and/or output ports of the
above described circuit components, such as switching
voltage regulators 125, 130 and 135, charge pump 145,
and switching motor drive circuits 110, 115 and 120, for
example. If no errors are indicated in the input signals
and/or output signals of any of the above circuits super-
visor circuit 160 may move embodiment 100 into a full
power mode in which all circuit components are provided
with sufficient voltage to function as desired, depending
for example on a circuit environment for embodiment
100. In this context, the term error refers to any one or
any combination of the input signals and/or output signals
of the circuits of an embodiment or any components
thereof being outside a desired range. Embodiment 100
may be employed as part of a printer, a computer, ahome
appliance, a digital camera, such as a digital still or a
digital video camera, a cell phone, a personal digital as-
sistant, a television, a radio, a DVD player, a CD player,
a cassette player, a hard drive, a DVD burner, a CD burn-
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er, afloppy drive, an electronic game device, etc. in some
applications, of course, alternate startup sequences may
be employed. It is noted, therefore, that the startup se-
quence discussed above is merely an example and is
not intended in any way to limit the scope of claimed
subject matter. Though depicted as a separate circuit
component above, that is merely an example of the su-
pervisor circuit and supervisor circuit logic and in no way
is intended to limit claimed subject matter.

[0010] FIG. 2is a flowchart illustrating an embodiment
of one possible startup sequence for embodiment 100.
Furthermore, the flowchart is not intended in any way to
limit the scope of claimed subject matter. With reference
to FIG. 2, embodiment 100 begins in a Power Off State
200. An external event, such as a user activating a device
associated with embodiment 100, for example, may typ-
ically apply one and/or more voltages to startup controller
150, such as those described above with respect to FIG.
1, for example. If the one and/or more voltages achieve
a respective threshold value, power management sys-
tem state machine 155 may transition embodiment 100
into a startup state 210. In startup state 210, startup con-
troller 150 may generate an output signal, such as an
output voltage (not shown), for example. The output sig-
nal from startup controller 150 may then be applied to
charge pump 145. If the output signal from startup con-
troller 150 reaches a respective threshold value, power
management system state machine 155 may advance
embodiment 100 into a start charge pump state 220 in
which charge pump 145 may be initiated. As discussed
more fully below, charge pump 145 may generate a
charge pump output signal (not shown), such as an out-
put voltage, for example. If the charge pump output volt-
age meets and/or exceeds a charge pump threshold val-
ue, power management system state machine 155 may
advance embodiment 100 into a start system regulators
state 230 wherein voltage regulators 125, 130, and/or
135 may be initiated. If power management state ma-
chine 155 does not detect any errors from the input sig-
nals and/or output signals of the voltage regulators 125,
130, and/or 135, power management state machine 155
may advance embodiment 100 to a power on state 240,
wherein all or substantially all components and/or circuit
components, such as motor drives 110, 115, and 120,
for example, of embodiment 100 may be initiated and
proceed to a full power operation mode.

[0011] Referring to FIG. 2, embodiment 100 may also
operate in a sleep mode wherein embodiment 100 may
enter into a sleep mode state 250. In sleep mode state
250, some but not all or substantially all of the compo-
nents and/or circuit components of embodiment 100 may
remainin an "on" state. Forexample, in sleep mode state
250, startup controller 150, power management system
state machine 155, and supervisor circuit 160 may be
maintained in a full power state while other components
and/or circuit components are powered off. In this way,
internal events, such as in the case of an all-in-one print-
er, an incoming fax, copy and/or print request for exam-
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ple, may provide a sufficient voltage to startup controller
150 such that startup controller 150 may initiate the star-
tup sequence, such as that described above, and return
embodiment 100 to the power on state. In this context,
an internal event may comprise any event originating
within embodiment 100, though claimed subject matter
is not limited in this regard, for example. In addition, while
in sleep mode state 250, an external event, such as a
user pressing a button, for example, may likewise provide
a sufficient voltage to startup controller 150 such that
startup controller 150 may initiate the startup sequence
described above and return embodiment 100 to the pow-
er on state, as described more fully above. Embodiment
100 may be placed in sleep mode in a variety of ways,
including but in no way limited to, an internal timer and/or
a user generated event, such as a button push, for ex-
ample, either of which may generate a signal to power
management system state machine 155 to transition the
state of embodiment 100 from power on state 240 to
sleep mode state 250. Of course, claimed subject matter
is not limited to these examples.

[0012] Embodiment 100 may return to power off state
200 from power on state 240 in response to an external
signal and/or external event, such as a user pushing a
button and/or a signal generated by a timer that is trig-
gered after a specified idle time, for example. Such
events may prompt power management system state
machine 155 to transition embodiment 100 into power
off state 200. As part of the process, power management
system state machine 155 may place embodiment 100
into a power off delay mode 260. Delay mode 260 may
provide a delay, such as a 3-millisecond delay, for ex-
ample, though other delay periods may also be used,
depending upon a variety of factors, including but not
limited to the particular apparatus, which may allow as-
sociated software systems time to power off associated
external circuits, such as motor control integrated circuits
(not shown), for example, prior to embodiment 100 en-
tering the power off state. The particular delay period
and/or a having delay period in general are mentioned
for illustrative purposes and are not intended in any way
to limit the scope of claimed subject matter.

[0013] Supervisor circuit 160 may include supervisor
circuit logic (not shown). In embodiment 100, supervisor
circuit 160 monitors any and/or all of the following pa-
rameters for the above mentioned components of em-
bodiment 100: a system supply voltage, 32 volts, for ex-
ample; an analog bias voltage; temperature sensor cir-
cuits (not shown); and timer circuits (not shown). If any
one of the above parameters deviates from a defined
range of acceptable values, for this particular embodi-
ment, supervisor circuit 160 may generate an appropriate
reset signal which may resultin power management sys-
tem state machine 155 transitioning embodiment 100 into
one of a set of safe states, as described more fully below.
In this context, the term safe states refers to states of the
embodiment in which the embodiment, such as a circuit
embodiment, for example, may be placed if one or more
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errors occur so that the error and/or errors result in no
harm or a limited amount of harm to the particular em-
bodiment. Of course, the particular monitored parame-
ters discussed above are merely examples and are in no
way intended to limit the scope of claimed subject matter.
[0014] The following is merely an example of the op-
eration of an embodiment of power management system
state machine 155 and an embodiment of supervisor cir-
cuit 160 and is in no way intended to limit the scope of
claimed subject matter. By way of example, assume that
embodiment 100 is in the power on state, as described
above. If voltage regulator 125, for example, a 3.3 volt
regulator, encounters an error, such as a ground fault,
then the output value of voltage regulator 125 may fall
below an associated under-voltage threshold. Supervi-
sor circuit 160 which may be monitoring many and/or all
of the above described components, such as regulator
125, may therefore detect the fault due to the under-volt-
age condition. Supervisor logic may then generate a re-
set signal associated with a failure of voltage regulator
125. In response to the generated reset signal, power
management system state machine 155 may transition
embodiment 100 into start system regulators state 230,
which in the case of an error in voltage regulator 125 is
a safe state for this embodiment. In system regulators
state 230, embodiment 100 may attempt to again initiate
voltage regulator 125. if voltage regulator 125 now pro-
duces a proper output voltage, then power management
system state machine 155 may advance embodiment
100 into power on state 240, as previously described. If,
however, voltage regulator 125 continues to output a volt-
age that is outside of the acceptable range, then power
management system state machine 155 will not advance
to power on state 240, and will, instead, continue to at-
tempt to re-initiate voltage regulator 125. In this way, em-
bodiment 100 typically will not remain in a state in which
an error is occurring. Power management system state
machine 155 and supervisor circuit 160 will, instead, tran-
sition embodiment 100 into a safe state, as illustrated by
previous examples, for example. Of course, the particular
states and/or errors discussed above are merely exam-
ples and are in no way intended to limit the scope of
claimed subject matter.

[0015] As previously described, embodiment 100 may
also include a charge pump, although, again, claimed
subject matter is not limit in scope to including a charge
pump. FIG. 3 illustrates one potential embodiment of a
charge pump. Here, the charge pump is employed to
provide a voltage source greater than 32 V to assist in
turning on negative-channel metal-oxide semiconductor
(NMOS) devices that may be located elsewhere on em-
bodiment 100. This is, of course, just one possible appli-
cation of a charge pump and claimed subject matter is
not limited in scope to this particular application. Howev-
er, as illustrated in FIG. 3, this embodiment operates by
switching transistors, or here, field effect transistors
(FETSs), 310 and 320 so that charge is first accumulated
on capacitor 330 followed by dumping that charge from
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capacitor 330 to capacitor 340. Thus, FET 320 is turned
on first, in this embodiment. Current flows from voltage
source V32 through diode 350 through capacitor 330 and
through FET 320. Thus, capacitor 330 is charged to 32
volts. After capacitor 330 is charged, FET 320 switches
off and FET 310 switches on. Current then flows from
voltage source V32 through FET 310 through capacitor
330 and through diode 360 into capacitor 340. Thus, ca-
pacitor 340 is charged to above 32 volts. Comparator
370 and internal voltage source 380 are used to deter-
mine how far above 32 volts to charge capacitor 340.
Again, this is merely one example embodiment and
claimed subject matter is not limited in scope to one ex-
ample.

[0016] Anembodimentof a switching voltage regulator
configuration is illustrated in FIG. 4, although, of course,
this is also simply one example. In the embodiment
shown in FIG. 4, one FET is employed. This embodiment
includes a high-side FET, 400, and a low-side diode, 410,
although a variety of other embodiments may altemative-
ly be employed. For example, 410 might instead com-
prise another FET. Here, 400 may comprise a N-channel
FET, for example, though a P-channel FET may be used
in some designs as well, and of course claimed subject
matter is not limited in this regard. As illustrated, FET 400
provides a signal path to inductor 420. Although not il-
lustrated in detail, the filtered voltage output signal is pro-
vided by inductor 420 and capacitance 430 to feedback
control circuitry 405 in FIG. 4. This particular feedback
control circuitry provides a feedback signal to FET driver
415. Thus, based at least in part on the output voltage
signal level, the feedback control circuitry operates to
adjust the output voltage signal level produced by driving
the input port of the FET. Of course, the feedback signal
could be directly coupled to the FET alternatively. Here,
however, in this embodiment, capacitor 435 is interposed
to filter out DC bias from the signal applied to the FET.
As previously discussed, this is merely one potential em-
bodiment out of a myriad of potential circuits that may be
employed.

[0017] Embodiment 100 may include two auxiliary volt-
age regulators, 130 and 135. The output voltage of these
switching voltage regulators may be set based, at least
in part, upon the application of an external signal. For
this embodiment, although, of course, claimed subject
matter is not limited in scope in this respect, these reg-
ulators may be set to a voltage level from 1 volt to 16
volts. This may be implemented any one of a number of
ways and claimed subject matter is not limited to a par-
ticular approach; however, FIG. 5illustrates one potential
technique. Thus, for the embodiment shown in FIG. 5,
the feedback signal is applied to a comparator 510 and
compared with a reference signal, such as voltage reg-
ulator signal A, for example. Adjusting R, which may in
this context be an externally provided resistance, adjusts
the reference signal, which adjusts the output voltage
signal, for example. Likewise, as previously described,
any one of a number of switching voltage regulators may
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be employed for 130 and 135 and claimed subject matter
is not limited in scope to a particular type of switching
voltage regulator.

[0018] As suggested above, in addition to switching
power regulators, embodiment 100 may include switch-
ing power motor drive circuits or circuitry, such as 110,
115 and 120. These circuits may provide power signals
to drive a motor external to embodiment 100. Although
claimed subject matter is not limited in scope in this re-
spect, these motor drive circuits may include an H-bridge
circuit. In this context, an H-bridge circuit refers to a circuit
having an H configuration, as shown in FIG. 6, for exam-
ple, in which the switching elements of the circuit may
apply current to a DC motor that adjusts the duty cycle
of the motor by adjusting the duty cycle of the applied
voltage.

[0019] Referring to FIG. 6, a DC motor 650 may be
electrically coupled in the form of an H-bridge circuit that
includes four switching elements, 610, 620, 630 and 640,
here FETs. Control signal circuitry 660 applies voltage
signals to the gates of the FETs to switch the states of
the switching elements. These elements may be em-
ployed to control or adjust the rotation speed of the DC
motor, by adjusting the duty cycle of a pulse voltage ap-
plied to the motor, and to reverse the direction of rotation
by changing the polarity of the applied voltage. Switching
elements 610 and 620 are coupled to a power supply V,
while elements 630 and 640 are coupled to ground. The
motor has one terminal coupled to the junction between
610 and 630 and the other coupled to the junction be-
tween 620 and 640. By combining the switching opera-
tion of 610-640, bidirectional speed control may be real-
ized by adjusting the voltage applied to the DC motor.
For example, when elements 620 and 630 are on and
elements 610 and 640 are off, current flows from the pow-
er source to ground via 620 and 630. This results in the
motor rotating in a forward direction. Likewise, if 610 and
640 are on while 620 and 630 are off, this results in re-
verse current flow and, consequently, the motor rotating
in an opposite direction.

[0020] FIG. 7 illustrates an embodiment 700 of a sys-
tem that may include an IC 710 including a switching
voltage regulator and/or a switching motor drive circuit,
as previously described, for example, coupled to a power
consuming device 720, such as a computer peripheral,
for example. Although claimed subject matter is not lim-
ited in scope in this respect, motors, for example, may
be employed in any one of a number of potential external
devices, including, for example, a computer peripheral
device, such as a printer, scanner, copier, a facsimile
machine and/or any combination thereof, for example.
Other devices may include digital cameras, such as dig-
ital still or digital video cameras, cell phones, personal
digital assistants, televisions, radios, DVD players, CD
players, cassette players, hard drives, DVD burners, CD
burners, floppy drives, electronic game devices, etc.
[0021] As previously described, FIG. 1 and the previ-
ously described circuitry are merely example embodi-
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ments and claimed subject matter is not limited in scope
in any way to employing the previously described circuit-
ry. Thus, other circuitry may be employed instead of or
in addition to that previously described. Thus, claimed
subject matter is not limited in scope to the particular type
of switching power devices illustrated in FIG.

1. For example, other types of switching power de-
vices include circuits to drive compressors, such as
for a refrigerator or air conditioner, circuits to drive
lighting, such as lamps or other lighting apparatuses,
circuits to drive displays, circuits to drive appliances,
such as blenders, toasters, mixers, and the like, cir-
cuits to drive electronic toys, circuits to drive televi-
sions, stereos, DVD players and CD players, and/or
any other type of switching power driver circuit now
in existence and/or developed later. Thus, any de-
vice that consumes power including a switching driv-
er or regulator circuit is included within the scope of
claimed subject matter.

[0022] It will, of course, also be understood that, al-
though particular embodiments have just been de-
scribed, claimed subject matter is not limited in scope to
a particular embodiment or implementation. For exam-
ple, one embodiment may be in hardware, such as im-
plemented on a device or combination of devices, as pre-
viously described, for example. Likewise, although
claimed subject matter is not limited in scope in this re-
spect, one embodiment may comprise one or more arti-
cles, such as a storage medium or storage media. This
storage media, such as, one or more CD-ROMs and/or
disks, for example, may have stored thereon instructions,
that when executed by a system, such as a computer
system, computing platform, or other system, for exam-
ple, may result in an embodiment of a method in accord-
ance with claimed subject matter being executed, such
as one of the embodiments previously described, for ex-
ample. As one potential example, a computing platform
may include one or more processing units or processors,
one or more input/output devices, such as a display, a
keyboard and/or a mouse, and/or one or more memories,
such as static random access memory, dynamic random
access memory, flash memory, and/or a hard drive, al-
though, again, claimed subject matter is not limited in
scope to this example.

[0023] Inthe preceding description, various aspects of
the claimed subject matter have been described. For pur-
poses of explanation, specific numbers, systems and/or
configurations were set forth to provide a thorough un-
derstanding of the claimed subject matter. However, it
should be apparent to one skilled in the art having the
benefit of this disclosure that the claimed subject matter
may be practiced without the specific details. In other
instances, features that would be understood by one of
ordinary skill were omitted and/or simplified so as not to
obscure claimed subject matter. While certain features
have been illustrated and/or described herein, many
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modifications, substitutions, changes and/or equivalents
will now occur to those skilled in the art. It is, therefore,
to be understood that the appended claims are intended
to cover all such modifications and/or changes as fall
within the claimed subject matter.

Claims
1. A power management system comprising:

a state machine, capable of transitioning the
power management system to a safe state when
an input signal and/or an output signal from a
component of the power management system
indicates occurrence of an error in the compo-
nent.

2. The power management system of claim 1, where-
in the power management system is adapted to pro-
vide a delay in response to the state machine enter-
ing a start state, such that an event provided to a
system startup circuit has sufficient time to reach a
threshold value before the state machine advances
the power management system to a subsequent
state.

3. The power management system of claim 1, where-
in the state machine is adapted to provide a delay
between entering a power off state from a power on
state such that at least one external circuit may be
set to an off state prior to the state machine transi-
tioning the power management system into the pow-
er off state.

4. The power management system of claim 3 where-
in said delay is such that a plurality of external circuits
may be set to an off state prior to the state machine
transitioning the power management system into the
power off state.

5. The power management system of claim 1, and
further comprising a set of state conditions, each cor-
responding to one of a set of defined input signals
and/or defined output signals of a plurality of com-
ponents of the power management system.

6. The power management system of claim 5, where-
in, in response to a user generated event, the state
machine is operable to transition the power manage-
ment system into a system startup state wherein an
activation voltage is applied to a startup controller of
the power management system.

7. The power management system of claim 6, where-
inthe state machine is operable to transition the pow-
er management system into a sleep mode state
wherein the plurality of components of the power
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management system are transitioned to a low power
state, and wherein the state machine is operable to
return the power management system to the power
on state in response to a internal and/or external
event.

8. The power management system of claim 7, where-
in the state machine is operable to transition the pow-
er management system into the power on state in
response to an internal and/or external event.

9. An apparatus comprising:

an integrated circuit, said integrated circuit in-
cluding a plurality of circuit components and a
power management state machine, said power
management state machine comprising circuitry
to implement a set of state conditions corre-
sponding to a set of defined input signals and/or
output signals of the plurality of circuit compo-
nents.

10. The apparatus of claim 9 wherein said power
management state machine is operable to place the
integrated circuit into a safe mode if one of the set
of defined input signals and/or output signals indicate
that one of the plurality of circuit components has
entered an undesired state.

11. The apparatus of claim 10 further comprising:

a startup circuit operable to generate a startup
signal in response to an applied voltage from an
external event; and

a supervisor circuit operable to initiate a power
up sequence for the integrated circuit in re-
sponse to the generated startup signal.

12. The apparatus of claim 11, wherein the power
management state machine is operable to transition
the integrated circuit from a power on mode into a
low power mode wherein power is maintained for the
startup circuit and the supervisor circuit, such that in
response to an external event the power manage-
ment state machine is operable to transition the in-
tegrated circuit from the low power mode into a full
power mode.

13. A method comprising:

enabling a charge pump if an output signal of a
controller exceeds a first threshold level;
enabling a voltage regulator if an output signal
of the charge pump exceeds a second threshold
level; and.

entering a power on state when no error has
occurred during the enabling.
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14. The method of claim 13, wherein the first thresh-
old level and the second threshold level comprise a
first voltage signal level and a second voltage signal
level respectively.

14. The method of claim 13, and further comprising
monitoring the input signals and/or the output signals
of said charge pump, said controller and/or said volt-
age regulator.

15. The method of claim 14, and further comprising
transitioning from said power on state to a safe state
if a monitored input signal and/or output signal is
outside of a desired input signal range and/or output
signal range.

16. The method of claim 15, and further comprising
transitioning from said safe state to said power on
state if said monitored input signal and/or output sig-
nal is within said desired input signal range and/or
output signal range.

17. The method of claim 16, and further comprising
transitioning from said power on state to a low power
state in response to an event.

18. The method of claim 17, and further comprising
transitioning from said low power state to said power
on state in response to a second event,

19. The method of claim 18, wherein said first event
comprises an internal event and/or an external
event.

20. The method of claim 19, wherein said second
event comprises an internal event and/or an external
event.



EP 1674 972 A2

100 -

/

A

LYy

v

i

3.3V
125
REGULATOR 10— DpC MOTOR
DRIVE A
AUX 1 SWITCHING 130
REGULATOR [
115~ DC MOTOR
AUXR E2G USLV/J\ITTSS'NG L ~_135 DRIVE B
CHARGE
UM —~—145
120 DC MOTOR
DRIVE C
CLK |
osciLLaTor  [—140
START-UP
CONTROLLER ~] CIRCUIT

|

POWER MANAGEMENT
SYSTEM STATE
MACHINE

—~— 135

!

FIG.1




EP 1674 972 A2

230 ?

200
POWER OFF | _ 70
STATE S
POWER OFF
DELAY
A
| 210
START UP
STATE i
- 240
0 )
START = POWER ON
CHANGE PUMP STATE
[
250
B

START
SYSTEM
REGULATORS

i

FIG.2

SLEEP MODE
STATE




EP 1674 972 A2

€' 9old

—
SLNJYI
TYNYAINI
oL 1%
18000
TIavNd OYINOD
JS08A

1189

0ct

10



EP 1674 972 A2

+ CHARGE PUMP V +V
400
415 E
ﬁl% N |
S
435
410%&
<
405
- FEEDBACK
CONTROL

|
1

420

?
430 _~L

FIG.4

11



EP 1674 972 A2

VOLT. REG A
R

405

FEEDBACK

CONTROL

410 fi;

420

__KY\’\g\ VOUt
! 0)

430

— M

Rg

FIG.b

12



EP 1674 972 A2

9Dl

099
b

d010W 3d

0v9
4

Momw

—

<
r

— 3

-

029

0i9

AJLINOAID
IWNDIS
T0YINQD

13



EP 1674 972 A2

ﬁomm

L Ol

WY3HdI¥3d
d3LNdN0D

—_

dIMod

\\ 00L

ﬁoﬁ

dl

¥IMOd

14



	bibliography
	description
	claims
	drawings

